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THE INFLUENCE OF TEMPERATURE, SUBMERSION AND BURIAL ON THE

SURVIVAL OF EGGS AND LARVAE OF CIMEX LECTULARIUS.

By A. W. BACOT,

Entomologist to the Lister Institute.

These experiments were performed in response to a question submitted to me from
the Royal Sanitary Institute. The point at issue was the possibility of eggs of the
common bed-bug, Cimex lectularius, surviving the process of house-destruction,
when the plaster from old walls, on which eggs had been laid, was broken down and
remixed with fresh mortar for making the partitions of rooms in new tenements;
such survival having been given as an explanation for previously unoccupied houses
being infested with bugs. ,

Methods.
The ova used in the following tests were obtained by placing twenty to thirty

adult specimens of C lectularius in a lj-inch glass-bottomed entomological box.
The open top of the box was covered with fine gauze, through which the bugs were
allowed to feed liberally each day. When feeding was not in progress the box con-
taining the insects was kept in an incubator at 75°F. A slip of cloth was used as a
lining to the box to afford foothold. As the great majority of the eggs were laid on
the cloth this plan afforded an easy means of dividing up batches of eggs into two
or more lots, so that controls could be obtained without any disturbance to the
eggs. In order to get large numbers for some of the experiments the eggs were in
certain instances allowed to accumulate for from three to five days before removal.

In experiments in which the eggs were submerged in water or buried in sand, those
laid on cloth alone were used, but where the test was one of temperature alone, eggs
laid on the sides of the boxes were occasionally utilised. In the case of the experiment
with plaster the eggs were carefully detached from the sides of the box and cloth on
which they had been laid. Control eggs were always taken from the same batch as
those experimented with and all control eggs were kept from the time of laying in
an incubator at 75°F.

The attached table shows the number of eggs in each batch, together with the date
of laying. Batches are lettered from (a) to (r), and as the batch letter is quoted
against each experiment, it is possible to follow the history and find the percentage
hatching in different portions of the same batch which were subjected to different
conditions.
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Record of Eggs Laid and Nature of Experiments for which the various

Batches were used.

Desig-
nation

of
Batch.

a
b
c
d
e
f
I :
*i
k
I
m
n
0

P
q
r

Number
of

Eggs in
Batch.

90
75
61
87
45
93
33
18
18
16
75
32
54
17
70
25
73
50

Dates between
which the various
Batches were laid.

15-21 Nov. '13 .
21-23 „
23-27
27 Nov.-l Dec. '13

1-4 Dec. '13
4-9 „
9-15 „

24-25 March '13 .
25-26 „
26-27 „
27-30 „
30-31
31 Mar.-2 Apr. '14
2-3 April '14
3-6 ,,
6-7
7-10 „
1-6 May '14

Numbers
of

Control
Speci-
mens.

25
29
15
15
13
4
2
5

10
12
20

: 6
; n8

13
> 19

Numbers of
Specimens

used in
Experiments.

Cold.

45
37

: Heat.

45
38

28
20
14
16

46

—
41

60
—

50
—
—
—

—

—
—

—•

Submergence in

Water.

11

30

.

11
19
20

11
18
17

—

1 Wet
Sand.

25

—

—
34

.

—

Dry
Sand.

.

58

—

—

_
—

—

Lime
Water.

—

—
—
—
—
—
—

—
*—
—
—
—
—
31

Temperature experiments.—Ova laid on cloth were enclosed in an entomological
box (of card with a glass bottom), and this was nested in one of a larger size to avoid
any possibility of escape. In cases where eggs laid on the sides of the card box were
used, this box was enclosed :'n a larger one.

Submersion experiments.—Pi „•• es of cloth on which the eggs were laid were fastened
by one corner at the bottom ( x waxed card jar and water was then poured in until
the eggs were three or four inches below the surface.

Burial in sand.—A card jar was half filled with silver sand, the cloth with eggs
attached was then placed on the surface and covered with sand to the depth of at
least one inch. For the wet sand tests the jar was flooded with water, and the excess
poured off. After the period of test the cloth was removed from the sand and placed
in a box preparatory to hatching. As it was usually found that a few of the eggs
became detached, the sand surrounding the cloth which contained the missing eggs,
was placed in a second box. Washing off the surface on which they had been laid
had no effect on the eggs, which hatched at the same time as those remaining attached
to the cloth.

Plaster.—The plaster of Paris used in this experiment was mixed with lime-water.
The surface was made very wet, so that the eggs might become partially embedded.
They were scattered over the wet surface and became too firmly attached when the
plaster set to allow of removal with a camel's hair brush.

Experiments with newly hatched bugs.—The insects used in these experiments were
taken from among those hatching in the control boxes; they were not, therefore,
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all from the same batch of eggs, but the eggs had all been subjected to similar con-
ditions prior to hatching.

Ova subjected to cool conditions.
34 eggs of batch (q), kept between 40° and 55° F. (average temperature about

48° F.) for 12 days and then transferred to 75 °F.—32 hatched=94= per cent. (Control,
92 per cent, hatched.)

26 eggs of batch (q), kept between 40° and 55° F. (average temperature about
48° F.) for 20 days and then transferred to 75° F.—16 hatched=61 per cent. (Control,
92 per cent, hatched.)

46 eggs of batch (k), kept between 40° and 55° F. (average temperature about
48° F.) for 31 days and then transferred to 75° F.—25 hatched=54 per cent. (Control,
100 per cent, hatched.)

A marked feature of the last two experiments was the number of deaths during
the act of emergence from the egg; in the last experiment no less than 10 (21 per
cent.) failed to get free from the egg-shell.

Ova subjected to cold.
20 eggs of batch (/) kept at 28° F. for 6£ hours and then transferred to 75° F.

—28 hatched = 100 per cent. (Control, 93 per cent, hatched.)
20 eggs of batch (g) kept between 28° and 32° F. for 24 hours and then transferred

to 75° F.—19 hatched = 95 per cent. (Control, 84 per cent, hatched.)
14 eggs of batch (h) kept between 28° and 32° F. for 2 days and then transferred

to 75° F.—13 hatched = 93 per cent. (Control, 100 per cent, hatched.)
16 eggs of batch (i) kept between 28° and 32° F. for 5 days and then transferred

to 75° F.—4 hatched = 25 per cent. (Control, 100 per cent, hatched.)
41 eggs of batch (o) kept between 28° and 32° F. fo- 3 days and then transferred

to 75° F.—10 hatched = 24 per cent. (Control, 100 per .vent, hatched.)
45 eggs of batch (a) kept between 28° and 32° F. for $ days and then transferred

to 75° F.—none hatched. (Control, see batch (a) under Heat.)
8 eggs of batch (b) kept between 28° and 32° F. for 10 days and then transferred

to 75° F.—none hatched. (Control, see batch (6) under Heat.)
29 eggs of batch (b) kept between 28° and 32° F. for 15 days and then transferred

to 75° F.—none hatched.

Ova subjected to heat.
45 eggs of batch (a) kept at 98° F., humidity -25;—41 hatched = 91 per cent.
38 eggs of batch (b) kept at 98° F., humidity -25 ;—38 hatched = 100 per cent.
50 eggs of batch (/) kept at 113° F.;—none hatched. (Control, 93 per cent, hatched.)

Ova submerged in water.
Between 60° and 63° F.

11 eggs of batch (c) submerged for 26 hours—11 hatched=100 per cent. (Control,
96 per cent, hatched.)

30 eggs of batch (e) submerged for 44hours—23 hatched=76 per cent. (Control,
93 per cent, hatched.)

(C53) B
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18 eggs of batch (o) submerged fot3 days—17 hatched=94 per cent. (Contjui,
100 per cent, hatched.)

19 eggs of batch (k) submerged for 3 days—19 hatched = 100 per cent. (Control,
100 per cent, hatched.)

W eggs o! bfcteh (js) submerged for 5 days—10 hatched = 91 per cent. (Control,
168* p«r cent, tertehed.y

Between 48° and 50° F.
20 eggs of batch (I) submerged for 24 hours—16 hatched = 80 percent, (Control,

91 per cent, hatched.)
11 eggs of batch (n) submerged for 3 days—11 hatched = 100percent. (Control,

100 per. cent, hatched.)

Between28° and32°F*
9- eggu of batch (y) submerged for 24 hours—9 hatched = 100 per ceat. (Control,
0 per cent hatched.)
8 eggs of batch (p) submerged for 48 hours—7 hatched=87 per cent. (Control,

100 per cent, hatched.)
IAme-Water.

50 eggs of batch (r) were submerged in lime-water (saturated solution of CalfcCte)
for 46 hours at 63° F. and were then kept at 75° F.;—none hatched. (Control, 100 per
cent, hatched.)

Ova buried in sand.
Dry.

58 eggs of batch (d). The pot in which the eggs were buried was kept in a shed
without doors, open towards the north from 1st to 5th December, 1913. Temperature
about 43? to 47° F. The eggs were then transferred to the laboratory, at from 60°
to 63° F.—58 hatched = 100 per cent. (Control, 76 per cent, hatched.)
Saturated.

25 eggs of batch (c). The pot in which the eggs were buried was kept in the same
shed as mentioned above from 27th November to 1st December. Temperature
about 43° to 50° F. The eggs were then transferred to the laboratory at 60° to 63° F.
—24 hatched=96 per cent. (Control* 96 per cent, hatched.)

20 eggs of batch (m). The pot in which the eggs were buried was kept in a cool
room at from 47° to 53° F. for 4 days. The eggs were than transferred to an incubator
at 75° F.—19 hatched - 95 per cent. (Control, 100 per cent hatched.)

14 eggs of batch (m). The pot in which the eggs- were buried was kept in a cool
room between 47° and 55° F. for one week. The eggs were then transferred to an
incubator at 75° F.—12 hatched = 86 per cent. (Control, 100 per cent, hatched.)

Ova set in plaster.
25 eggs of batch (s) were carefully detached from the sides and bottom of the box

and cloth on which they had been laid. The eggs were then scattered on to a very

*The water was frozen round the eggs.



SUBMBBSfON, STG. ON IiARVAH OF GIMEX LECTULABIUS. 11§

wet piaster surface (gypsum, mixed with a saturated solution of GaH202) so the* they
were partially embedded. All were found to be Attached. 13 hatched=52 pear cent.

Experiments with larval bugs in 1st instar.

Gold conditions; unfed. 7 unfed and 2 fed larvae were kept at between 28° and
32° F. for 2 days; they had then lost power of movement. After half an hour at
63° F. some had already recovered their activity. They were again kept at between
28° and 32° F. for 5 days and on examination were, to all appearances, dead, but after
4 hours at 63° F. they had all but one recovered their activity. After a further
subjection to between 28° and 32° F. for 25 days they were kept at G3/a F., fetit no
recovery took place;

14 unfed larvae were kept at between 28° and 32° F. for 16 days and then kept at
63° F. ; 3 made feeble movements after 2 hours, 6 were active aftei 24 hours, and
10 were active after 48 hours. The remaining 4 made no movement, but were prob-
ably paralysed rather than dead, as they showed no signs of shrinkage or decay
after 96 hours, while their limbs reacted slightly to touch; 9 of the 10 that recovered
were alive 12 days later.

Cold conditions; fed. 13 were allowed to feed on human blood and then kept in an
entomological box at between 28° and 32° F. for 18 days. They were then transferred
to 63° F. Only 3 showed any signs of h'fe and one of these soon died; the remaining
2 lived for 15 days. Of these 13, it was very noticeable that all those which fed to
excess failed to recover. Of the 3 which revived none had had a full meal, and the 2
which survived longest had obtained but little food. Death was not, I think, due to
cold, but to the humidity in an artificially cooled room. Confinement in test-tubes,
even when crumpled paper is given for a foothold, produces a high mortality among
young, well-fed bugs, under ordinary laboratory conditions of temperature; wMle
confinement in card boxes under similar conditions shows no death rate. Apparently
it is necessary for bugs to be able to get rid of superfluous moisture rapidly after a
heavy meal, and this is inhibited in a humid atmosphere.

Moderate conditions; unfed. 38 unfed larvae hatched at 60° to 63° F. from eggs
that had been buried for 4 days in dry sand at between 43° and 47° F. (see
experiment page 114, batch (d)) were kept in the laboratory at between 60° and
65° F., and afford an excellent example of the ability of this pest to survive unfed
under favourable conditions.

23 were
20 „
17 „
15 „
14 „
13 „
12 „
11 ..

active after 66 days
„ 73 „
„ 85 „
„ 89 „
„ 93 „
,, 106 „

„ „ HO „
«, .. xi^ ..

10 were active
8 „
7 „
6 „
5 „
4 „
3 „

after 117 days
» 121 „
„ 122 „
„ 124 „
„ 131 „
„ 133 „
„ 136 „

The experiment terminated during a heat wave, when the laboratory temperature
was over 70° F.

(<C53) B 2
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Moderate conditions ; after feeding. After a single meal one newly hatched bug
out of three lived for 270 days ; while, out of 30 immature bugs in various stages of
development, 7 were living and able to feed after a fast of 18 months. In this case
the box in which they were confined was kept in an outhouse.

Warm conditions ; unfed. 20 unfed bugs kept in an incubator at 75° F., humidity
between *65 and *70, show the following record:—

Average life . . . . . . 10 days
Longest life . . . . . . 2 1 days

16 unfed bugs, kept in an incubator at 88° F., humidity about '70 to '80 gave:—
Average life . . . . 7 days
Longest life . . . . . . 11 days

Of 32 unfed bugs kept at 96° F., humidity about '25, the record was:—
Average life . . . . 5 days
One survived for . . 8 days

Hot conditions ; unfed. 23 unfed bugs were placed in an incubator :
After l\ hours at 105.8° F. all were active.

„ 1J „ „ 109-4° F. „ „ „
» 1 » >J 111*2 1. ,, ,, ,,
„ 2 „ „ 113-0° F. „ „ dead.

4 unfed were placed in an incubator at 111-2° F.
After \ an hour all were active;

„ 1 | hours „ dead;
the temperature having risen to 112° F.

6 unfed were placed in an incubator at 113*0° F.
After If hours all were dead.

20 unfed were placed in an incubator at 113° F.
After 5 minutes all were active;

» m « i» »»

„ 15 „ „ dead.
Blacklock* gives 5 minutes at 113° F. as the time required to kill larval bugs,

but he does not state his method. It is possible that the use of card boxes with
cloth-lined sides accounts for the longer survival of the insects experimented with
in the present instance.

SUMMARY.
Eggs.

Temperature. Eggs of Cimex hctidarius are able to survive exposure to temperatures
between 40° and 50° F. for periods of 31 days, and between 28° and 32° F. for 48
hours. Periods of from 5 to 8 days at the latter temperature reduce the percentage
hatching to 25 per cent, and longer exposures—10 to 15 days—are fatal. Tempera-
tures between 60° F. to 98° F. are favourable, but 113° F. prevents hatching.

•Annals of Tropical Medicine and Parasitology, iv, no. 4, Dec. 1912, pp. 415-428.
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Burial in Sand. Burial in dry or wet sand, with exposure to temperatures between
45° and 50° F. may be survived from 4 days to a week if the eggs are then uncovered
and kept at a favourable temperature.

Submersion in Water. Submergence in water at between 60° and 63° F. for a period
of 5 days has no effect on hatching if the eggs are subsequently kept under favourable
conditions. They also survive for at least 3 days in water at between 45° and 50°,
and for 48 hours when the water in which they are submerged is frozen.

Lime-water. Submergence in lime-water (saturated solution) for 46 hours is fatal.
The eggs survive partial embedding in a wet plaster surface provided that emergence
is not interfered with.

Larvae.
Newly hatched bugs, when unfed, can survive a temperature of from 28° to 32° F.

for periods up to 18 days. They are also able to withstand chilling, thawing,
rechilling and again thawing over shorter periods. When subjected to cold, moist air
after a full meal they are liable to a heavy or even total mortality—probably in
consequence of humidity rather than cold.

Under moderate conditions of temperature—60° to 65° F.—they may live for 136
days unfed, and after a meal, for 9 months. Unfed, at a temperature of 75° F., with
humidity between 65 and '70, an average life of 10 days, and an individual survival
of up to 21 days is possible. At 88° F., with humidity between -70 to '80, the average
life is shortened to 7 days—the longest survival being 11 days. At 96° F. with
humidity at "25 the average life is reduced to 5 days; individuals have survived for 8
days. Exposure to 113° F. is fatal within a few minutes.*

*This temperature also destroys adult flea3 {Xenopsylla clieopis) in a few minutes ;
while two larvae of Periplaneta americcma and a hibernated specimen of CcHUphora
erythrocephdla survived the fleas at 113° ¥., but died within 15 or 20 minutes when
the temperature had risen to 117° P.


